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An investigation has been conducted at high subsonic speeds to 
determine the effects of operating propellers on the longitudinal char- 
acteristics of a four-engine tractor airplane configuration having a kO" 
swept wing with an aspect ratio of 10. Wind-tunnel tests were conducted 
through ranges of angles of attack and propeller thrust coefficients at 
Mach numbers from 0.a to 0.90 at Reynolds nunfbers of 1,000,COO and 
2,ooo,ooo. The effects of varying propeller blade angle, tail incidence, 
and vertical height of the horizontal tail were investigated. 

The over-all effects of operating propellers on the longitudinal 
characteristics were not large when compared to the effects of propeller 
operation at low speed. Compared to the model with the propellers off, 
operation of the propellers at constant thrust coefficients generally 
decreased the static longitudinal stability. Increasing the propeller 
thrust coefficient at a constant Mach number increased both the static 
longitudinal stability and the trimmed lift coefficient. Operation of 
the propellers at constant thrust coefficient increased the wing lift- 
curve slope but had little effect on the variation of-lift-curve slope 
with Mach number. Operation of the propellers had little effect on the 
Mach number for longitudinal force divergence at a constant lift coeffi- 
cient but resulted in a decrease in the rate of change of longitudinal 
force coefficient with Mach number at supercritical speeds. This effect 
increased with increasing propeller thrust coefficient and with increas- 
ing lift coefficient. 

A method of predicting the effects of propeller normal force on the 
pitching-moment characteristics of the configuration is presented. Com- 
parisons with measured effects indicate that the accuracy of the method 
is good. 

. 
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RaiBing the horizontal tail had little effect on the longitudinal 
stability with the propellers removed but was destabilizing with the 
propellers operating. 4 

For an assumed airplane, operating at the power required for level 
flight at an altitude of bO,OOO feet, calculations indicate only a 
small change in the stable variation of tail incidence for trim with 
Mach number compared to the propellers-off condition. 

INTRODUCTION 

The potentialities of turbine-propeller propulsion 8y~tem~ are well 
recognized, particularly with regard to the take-off and range capabili- 
ties of multiengine airplanes. The combination of a turbine-propeller 
propulsion system and an airframe configuration utilizing a sweptback 
wing of high aspect ratio should make possible the achievement of long- 
range flight at relatively high SUbSOniC speeds. This propulsive system 
could utilize supersonic propellers with high disc loadings. It iB not 
believed that the effects of these propellers on the longitudinal char- 
acteristics of swept wings can be adequately predicted, either by exist- 
ing theoretical methods or by available experimental data. 

An investigation ha8 been made in the Ames l&foot pressure wind 
tunnel to determine the longitudinal characteristics of a representative 
multiengine airplane configuration with sweptback wings of high aspect 
ratio. The investigation was made with and without operating supersonic 
propellers. The power-off longitudinal characteristics of several com- 
binations of the components of this configuration have been presented 
in references 1 to 4. The characteristics of the propeller are reported 
in reference 5. The results of a low-speed investigation to determine 
the effects of operating propellers on the longitudinal characteristics 
are presented in reference 6. The present report is concerned with the 
effect6 Of Operating propeller8 on the 1OngitUdidf. Cha?Y3CteriBtiCB Of 
the configuration at high subsonic speeds. Tests were conducted over a 
Mach number range of 0.60 to 0.90 at Reynolds numbers of 1,000,000 and 
2,000,oOC. If the model is assumed to be l/l2 scale, the power condi- 
tions simulated at most test Mach numbers varied from windmilling to 
5000 horsepower per engine at an altihide of 4C,OoO feet or to 20,000 
horsepower per engine at sea level. 

1 
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NOTATTON 
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CL 
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Cm 

CN 

CP 

CT 

CX 

C 

C’ 
. 

upflow angle, average angle of local flow at the 0.7' propeller 
radius and at the horizontal center line of the propeller 
plane, measured with respect to the thrust axis in a plane 
parallel to the plane of symmetry 

mean-line designation, fraction of chord over which the design 
lOad iB l.ldfOI-IIl 

normal acceleration 

wing semispan perpendicular to the plane of symmetry 

propeller blade width 

1fft lift coefficient, - 
@ 

tail lift coefficient, tail lift 

@t 

pitching-moment coefficient referred to the center of gravity, 
pitching moment 

$55 
(See fig. l(a).) 

propeller normal-force coefficient,% 

P 
power coefficient, - 

PIPIF 

T thrust coefffcient per propeller, - 
PIlFw 

longitudinal force coefficient, 2 

localwingchordpar8Uelto the plane of symmetry 

local King chord normaA to the reference sweep line 
(See table I.) 
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wing mean aerodynamic chord, 
$"c w 

wing-section design lift coefficient 

center-of-@;ravity locatfon 
(See fig. l(a).) 

acceleration due to gravity 

propeller diapleter 

maximum thickness of propeller blade section 

horsepower per engine 

incidence of the horizontal tail with respect t0 the wing- 
root chord 

propeller advance ratio, -& 

tail length, distance between the quarter points of the mean 
aerodynamic chord8 of the wing and of the horizontal tail 
measured parallel to the plane of symmetry 

free-stream Mach nu&er 

normal force per propeller 

propeller rotational speed 

normal acceleration factor, $ 

shaft power per motor 

1 PV2 free-stream dynamic pressure, 2 

Reynolds nuuiber, based on.the ting mean aerodynamic chord 

propeller-tip radius 

propeller-blade-section radius 
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St 

T 

TC 

t 

V 

W 

X 

Y 

a 

'% 

B 

B' 

E 

? 

P 

cp 

areaof semispanwing 

areaof semispan tail 

thrust per propeller parsEle1 to the stream 

T thrust coefficient per propeller, - 
PV2D2 

wing section maxi& thickness 

free-stream velocity 

weight of aseumed full-scale airplane 

longitudinal force, parallel to stream and positive in a 
draguise direction 

latera distance from the plane of symmetry 

angle of attack of the wing chord at the plane of s-try 
referred to herein as the ting-root chord 

angle of attack of the tail 

propeller blade angle measured at 0.70 tip radius 

propeller-blade-section angle 

effective downwash angle 

CT J propeller or propulsive efficiency, - 
CP 

mass density of air 

angle of local wing chord relative to the wing-root chord, 
positive for washin, measured in planes parallel to the 
plane of sy7mUetry 

0 ‘a ?t 9 tail efficiency factor (ratio of the lift-curve slope of the 
horizontal tail when mounted on the fuselage in the flow 
field of the wing to the lift-curve slope of the isolated 
horizontal t&l) 

aCm 
ai, 

tail effectiveness pn ter, measured for a given angle of 
attack 
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Subscripts 

average 

wing 

tail 

MODEZANDAFPARATUS 
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The semispan model represented the right-hand side of a hypotheti- 
cal four-engine airplane. Figures l(a) through l(d) and table I present 
dimensions and details of the model. Figure 2 shows the modelmounted 
in the wind tunnel. The selection of the geometric properties and the 
details of the construction of the wing, nacelles, fences, tail, and 
fuselage have been discussed in references 1, 2, and 3. The three- 
bladed supersonic propeller, designated NACA 1.167-(0)(03)-058 and 
having right-hand rotation, was specifically designed for the subject 
investigation and is described in detail in reference 5. Figure 3 
presents the propeller plan-form and blade-form curves. 

The power to drive the propellers was supplied by a variable-speed 
induction motor in each nacelle. Each motor had a normal rating of 
75 horsepower at 18,000 revolutions per minute. The propellers were 
driven through gears at a rotational speed 1.5 times that of the motors. 
The shaft power delivered to the propellers was determined by measuring 
the input power to the motors and applying corrections for the motor 
and gearbox losses. Motor rotational speed was measured by means of an 
electronic tachometer on each motor. 

TESTS 

Test Conditions 

The longitudinal characteristics of the model were investigated 
over a Mach nu&er range of 0.60 to 0.90 at Reynolds numbers of 1,000,000 
and 2,000,oOO. At each Mach number, tests were ms& with propeller blade 
angles of &lo and 51° through an angle-of-attack range of 2O to 10'. At 
each angle of attack, the propeller rotational speed was varied from 
windmilling to the maximum obtainable, being limited by either maximum 
motor speed or maximum motor power. Measurements of the static pressures 
on the wind-rtunnel wall8 during the tests at a Mach number of 0.90 
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indicated the possibility of partial choking of the wind tunnel. It is 
believed that the force and moment data shown at this Mach nuniber are 
partially affected by this phenomenon. 

Tests were made at tail heights of 0 b/2 and 0.10 b/2 above the 
fuselage center line. Tail incidence8 of -2O, -4', and -60 were inves- 
tigated at the 0 b/2 tail position. 

Propeller Calibration 

The propeller,was calibrated on a specially constructed calibration 
nacelle which allowed the characteristics of the propeller, in the pres- 
ence of the spinner and the nacelle forebody to be ascertained. Refer- 
ence 5 presents the details of the ctiibration procedure and the results 
of the calibration. Propeller normal-force characteristics were deter- 
mined as part of the propeller calibration and are presented herein. 

REDUCTION OF DATA 

Thrust Coefficient 

The model thrust coefficient, Tc, used herein is the average for 
the two propellers, and is obtained from the results of the propeller 
calibration (ref. 5). Advance ratios were computed for each of the 
propellers, and the corresponding thrust coefficients were obtained 
from the calibration results at a comparable Mach number, Reynolds 
number, average propeller upflow angle (ref. 7), and propeller blade 
angle. Typical variations of thrust coefficient with advance ratio for 
one propeller (ref. 5) are shown in figure 4. 

Adjustment to the advance ratios of the propellers operating on 
the model uas necessary since propeller blade angles could be duplicated 
only to within *O.l? between the propeller calibration and the present 
test. In addition, it is probable that differences in the effective 
propeller blade a@les.between the model and the calibration nacelle 
existed because of slightly dissimilar radial distribution of qflow in 
the plane of the propeller (ref. 7). The adjustintusedwas based on 
the observed differences in windmilling advance ratios between propeller 
operation on the model and on the calibration nacelle at comparable 
geometric propeller blade angles and test conditions. It was assumed 
that thrust as 
advance ratios 
difference did 
advance ratio. 

well as power was approximately equal at the windmilling 
for the two operations and that the small blade-angle 
not affect the rate of change of thrust coefficient with 

Advance ratios measured for the propellers operating on 
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the model were adjusted by the difference between the windmilling 
advance ratios measured for the propeller operating on the model and 
on the calibration nacelle. Thrust coefficients for the powered model 
were then obtained from the calibratfon results at these adjusted 
advance ratios. These effects were generally smsJ1 and changed the 
propeller thrust coefffcient by only 0.002 at the higher Mch numbers 
and the larger thrust coefficients. 

Force and Moment Data 

The basic data obtained at various thrust coefficients at constant 
angle of attack were reduced to conventional form and are presented as 
lift coefficient as a function of angle of attack, and longitudinal 
force coefficient and pitching-moment coefficient ELS functions of lift 
coefficient. These variations with angle of attack and lift coefficient 
were obtained by dross plotting the basic data for a lift-coefficient 
and thrust-coefficient relationship corresponding to an assumed frill- 
scale power condition (fig. 5) and for constant thrust coefficient. 

Corrections 

Ihe data have been corrected for constriction effects due to the 
presence of the tunnel walls, for tunnel-wall interference originating 
from lift on the wing, and for longitudinal force tares caused by aero- 
dynamic forces on the exposed portion of the turntable upon which the 
modelwas mounted. 

The effects of wind-tunnel-wall constraint on the propeller alip- 
streams were evclluated by the method of references 8 and 9 and were 
found to be- negligible. The dynamic pressure was corrected for con- 
striction effects due to the presence of the tunnel walls by the method 
of reference 10. These corrections and the corresponding correction8 
to the Mach number are listed in the following table: 

Corrected Uncorrected %orrected 
Mach number Mach number ~~~~~~~~~~ 

& I 
0.60 

:E 
-83 
.86 
-90 

0.598 
.@5 

:z 
.848 
.883 

1.006 
1-W 
l.Oll 
1.013 
1.014 
1.022 

t 
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Corrections for the effects of tunnel-wall interference originating 
from the lift on thewingwere calculatedbythe method of reference ll. 
The corrections to the angle of attack and to the longftudinal force 
coefficient showed insignificant varfations tith Mach number. The cor- 
rections added to the data were as follows: 

La = 0.33 CL 

Llcx = 0.005g CL2 

The correction to the pitching-mment coefficient had significant vszia- 
tions with Mach number. The following corrections were added to the 
pitching-moment coefficients: 

- = KI CLtail off (%a off) 

&Zm = K1 CL- off - K2 'Ltail off 
ac, 

-da ai, > 1 (Tail on) 

Thevalues of K~andK, for each Mach number were calculated by the 
method of reference Ill and are given ti the following table: 

r7 M KI K2 

0.60 
-70 
.80 
.83 
.86 

0.77 
-79 
-81 
.82 
-83 
-85 

The correction constants for the tunnel-wall interference effects were 
computed for propeller-off conditions since the effects of propeller 
slipstream on wing lift snd tail effectiveness were small over the Mach 
number range of the Investigation. Rowever, the lift coefficients used 
to determine the a&u&L corrections were total values reflecting all 
the propeller effects. Results of the propeller calibration indicated 
the effects of propeller direct forces to be negd.igible. 

Since the turntable upon which the model was mounted was directly 
connected to the balance system, a tare correction to longitudinal 
force was pecessary, This correction was determined by multiplying the 
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longitudinal force on the turntable, as determined from tests with the 
model removed from the wind tunnel, by the fraction of the turntable 
area not covered by the model fuselage. The following corrections 
were subtracted from the measured longitudinal force coefficients: 

-70 ,002k 
.80 .0028 
.86 

.0032 

No attempt has been made to evaluate tares due to interference between 
the model and the turntable or to compensate for the tunnel-floor bound- 
ary layer which, at the turntable, had a displacement thickness of one- 
half inch. 

RESULTS AND DISCUSSION 

An index to the basic data is presented in table II. The basic 
data are tabulated in tables III through XI, and the coefficients of 
lift, longitudinsl force, and pitching moment are plotted in conven- 
tional form for constant values of thrust coefficient in figures 6 to 14. 
Figures 15 through jl present, for selected conditions, the effects of 
propeller operation, Mach number, tail height, Reynolds rnmiber, and 
propeller blade angle on the longitudinal characteristics of the model. 

Effects of Operating Propeller8 on the 
Longitudinal Characteristics 

The longitudinal characteristics of the model, with and without 
operating propellers, are presented in figures 6 through 14. In general, 
the effects of the operating propellers were not large compared to the 
propeller effects at low speed shown in reference 6. Compared to the 
model without propellers, operation of the propellers at constant thrust 
coefficients generally increased the lift-curve slopes and decreased the 
static longitudinal stability. The term "static longitudinal stability,' 
as used herein, refers to the slopes of the curves of pitching-moment 
coefficient as a function of lift coefficient. Decreases in stability 
are indicated by reductions in the negative slopes of the curves. Gen- 
erally, the trim lift coefficients increased with increasing thrust 
coefficient but at any constant thrust coefficient they decreased with 
increasing Mach number. There was no large effect of operating propel- 
lers on the variation of longitudinal force coefficient with lift 
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coefficielit at lift coefficients less than about 0.40 or 0.50. It is 
believed that the erratic variations shown in some of the 1ongitudinsJ. 
force data at a Mach number of 0.90 are due, at least in part, to the 
choking phenomenon previously mentioned. 

The variations of the longitudinal characteristics with Mach nmiber 
are presented in figures 15, 16, and 17. These variations are shown at 
lift coefficients of 0.20 and 0.40 for the model tith the propellers off 
and with the propellers operating at several constant values of thrust 
coefficient. 

Operation of the propellers increased the lift-curve slopes (fig. 15) 
but, in genera, had only smZU. effects on the variation of lift-curve 
slope with Mach number. At a lift coefficient of O.&O, operatimg the 
propellers at a thrust coefficient of 0.03 increased the Mach number for 
lift divergence frcm approximately 0.83 to approximately 0.86. 

Figure 16 shows the variation with Mach nm&er of the increment of 
longitudinal force coefficient above its value at a Mach number of 0.70 
for several different vr+ues of propeller thrust coefficient and with 
propellers removed. It was anticipated that the Mach number of longitu- 
dinal force divergence would be decreased as a result of the increased 
velocity behind the operating propellers. However, this effect did not 
occur, and the Mach number for drag divergence was little affected by 
operation of the propellers. At supercritical speeds, the drag rise 
with increasiug Mach number was reduced considerably with increase in 
propeller thrust coefficient. This reduction was due, in part, to 
increases in the wing lift-curve slope with the propellers operating. 
Thus, the sane lift coefficient can be obtained at a lower angle of 
attack and this fact tended to reduce the shock-induced losses over the 
outer portion of the wing span. It is also thought that some of the 
effect stemmed from increases in the effective Reynolds numbers of the 
wing sections immersed in the propeller slipstreams. It is doubtful 
that a favorable Reynolds nm&er phenomena n would prevail at full-scale 
Reynolds numbers. 

The effects of B&ch number on the slopes of the pitching-moment 
curves are presentid in figure 17 at lift coefficients of 0.20 and 0.40 
for the model with the propellers off and with the propellers operating 
at several constant values of thrust coefficient. The effects of Mach 
number were generally greater with the propellers operating than with 
the propellers off. In general, the static longitudinal stability 
decreased slightly with Mach nuniber when the tail was on and increased 
slightly when the tail was off up to a Mach n&r of approximately 0.82. 
At higher speeds> changes in stability due to Mach nu&er were inconsist- 
ent and more pronounced. 
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Effects of the Operating Propellers on the 
Longitudinal Stability 

The factors which determine the static longitudinal stability of a 
propeller-driven airplane are the stability with the propellers removed, 
the direct propeller forces normal to and along the thrust axis, and the 
effects of the propeller slipstream on the flow on the ting and at the 
horizontal tail. Figures 18 and 19 show for several Mach numbers these 
various effects of the operating propellers on tail-on and tail-off 
static longitudinal stability at zero thrust, at a comparatively high 
constant thrust coefficfent, and at the conditions of constant horse- 
power shown in figure 5. The data presented were obtained by adding 
pitching-moment increments, referred to the center 0-f gravity, due to 
propeller thrust and norm& force (from the propeller calibration data) 
to the propellers-off pitching-moment data. This total was then sub- 
tracted fram the power-on pitching moments to ascertain approximately 
the slipstream effects. For both constant thrust and constant power, 
the various effects of the operating propellers on the pitching-moment -- 
characteristics of the model were small. For the center-of-gratity 
position shown on figure l(a), normal force and thrust of the propellers 
were generally destabilizing. The effects of the propeller slipstream 
on the wing were generally destabilizing wW.le their effects on the tail 
were generally stabilizing. 

Figure 20 presents, for a Mach number of 0.80 and a constant thrust 
coefficient of 0.04, a comparison of the predicted and measured varia- 
tions with angle of attack pf the-incremental. pitching-moment coefficient 
due to propeller norm&I. force. The measured variations of increments of 
pitching-moment coefficient with angle of-attack due to propeller thrust 
and propeller slipst~am.on.the m and tail are also shown. The effect ._ .__._ 
of propeller normal force on the pitching moment was calculated by the 
method presented in the Appendix, The predicted pitching-moment incre- 
ments due to the propeller normal force are in good agreement tith the -; 
measured effects. The small discrepancy at the lower angle6 of attack 
is believed due to lift stemmIng from the asy-rsnetry of the nacelle fore- 

body. The theoretical computations did not account for any lift contri- 
bution due to the nacelle forebody. 

The effects of propeller slipstream on the pitching-moment charac- 
teristics of the wing and tall could not be predicted to any acceptable 
degree of acrmrac y with existFng methods. It is believed that the com- 
bination of the effects of ting sweepback, of viscous separation, of 
propeller 8lTpstream rotation, and of wing-nacelle interference makes 
the estimation of slipstream effects on the pitching-moment character- 
istics of the wing and tail virtually impossible for the present model. 

Figure 21 shows the variation with Mach number of the various 
effects of the operating propellers on the pitching-moment-curve 

c 
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SlOpC= A(dC&CL), The data are presented for a representative lift 
coefficient for level flight (CL = 0.40) and for constant thrust coef- 
flcient and constant simil.a~d horsepower. The effects of slipstream 
on the horizontal tail were assumed to be the differences between tail- 
on and tail-off slipstream effects. The effect of propeller normal 
force varied with Mach number at constant horsepower because of the 
relationship of thrust coefficient and lift coefficient used in calcu- 
lating the conditions (fig. 5). The variations of the effects of the 
propeller slipstream tith Mach nusiber were small, generally 8mounting 
to a change in pitching-moment -curve slope of less than *O.OY. 

Effects of the Operating Propellers on the Stability Contribution 
of the Horizontal Tail 

The horizontal--&El contribution to stability is a function of the 
downwaBhfactor l- @/aa), the tail-efficiency factor q,(q,/q), 

(~Lt/d%> isolated tail and the ratio A calculations were In&de uBhg 

(~L~~kdl off 
the method of reference 12 to evaluB,te the effective downwash character- 
istics Bnd the tail efficiency factor with and without operating propel- 
lers. The force data presented in figures 6 through 9 and the isolated 
tail-force data presented in reference 3 were used for the ComputstionB 
of effective downwash angle 

(dCLt'dot)isolated tafl 

E, 'lt(q9), and the ratio 

@do) -wa off 
and the results are shown for several Mach num- 

hers in figures 22, 23, and 24 as functions of angle of attack. It was 
assumed for the computation of downussh angle E and t&l-efficiency 
factor 7Q,(qt/q) that the Elach number at the t&l was the same as the 
free-stream Mach number. The effect of the propellers on downwash 
amountedtoachangein downwash angle of 0.9 or Less. At high angles 
of attack the effect of the operating propellers on the factors q,(q+/q) 

and 
&,/d%) isolated taiL ~8s sizable, however, these effects are 

(~L~dc&ail off 
cwensating and their over-all effect on tail effectiveness w8B attall- 

The variations with Mach number of the tail-effectiveness parameter, 
&&it, the isolated tail lift-curve slope, and the various factors 
affecting the stability contribution of the tail are shown in figures 25, 
26, and 27 for ti representatfve level flight, high-speed altitude (a=4O). 
The effecta of Mach nmiber on &&it were s&U. with and without the 
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operatilig propellers. For the selected condition, operation of 
pellers had little effect on the variations of the factors 1 - 

rlt(at/s>, and 
(d%&d 

Isolated tai1 with Mach number. 
(%/da) tail off 

The effects of horizontal-tail height on the pitching-moment-curve 
slopes of the model tith and without operating propellers are shown in 
figure 28 for several Mach numbers. Raising the horizontal tail 
increased the static longitudinal stability slightly tith the propellers 
off at Mach rnmibers less than 0.90, but was destabilizing over the Mach 
number range of the investLgation with the propellers operating. 

Propulsive Characteristics 

Figure 29 presents for an upflow angle of approximately O" and a 
Mach number of 0.80, a comparison of the characteristics of the isolated 
propeller (ref. 5) with the propulsive characteristics of the model. 
Also shown is a comparison of the variations with Mach number of the 
efficiency of the iBOl&ed propeller and the propulsive efficiency of 
the model at a constant thrust coefficient of 0.04. 

The propulsive characterist$cs fnclude the li.ft due to the propel- 
ler slipstream (ref. 13) and the effects of the operating propellers on 
longitudinal force characteristics previously discussed. The propeller 
is credited with these effects by calculating the effective thrust coef- 
ficients and propulsive efficiencies of the model as follows: 

CTeffective = - (S/&D21 Js Cxp -c 
ropa on Xprops off > const. c Lprops on 

and propulsive efficiency 

Ffgure 29 indIcatea that the effective thrust coefffcients for 
the conditions selected for the compar%son were greater than the 
thrust coefficients measured for the isolated propeller, and that the 
corresponding propulsive efficiencies , consequent&exceeded the effi- 
ciencies indicated for the isolated propeller. GenersJly,thepropul- 
sive efficiency increased with increasing Mach number whfle the effi- 
ciency of the isolated propellers decreased slightly. Thfs effect is 
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believed to be associated with the decrease in the rate of change of 
longitudinal force coefficient with Mach number indicated in figure 16. 

In computing propulsive efficiencies, no distinction was made 
between the effects of propeller slipstream and the effects of propeller 
direct forces. However, for the range of Mach numbers and propeller 
thrust coefficients of the subject investigation, the effects of propel- 
ler direct forces on lift were negligible. 

Longitudinal Characteristics of 821 Assumed ATrplane 

Figure 30 presents a summation of the lortgi-budillsl ch8racteriSticB, 
as calculated from the results of the subject investigation, of an 
assumed a-lane operating with the power required for level flight at 
an altitude of 40,000 feet. These characteristfcs are presented as 
functions of Mach number or normal-acceleratfon factor. The lift coef- 
ficients shown are computed values based on a wing loading of 65 pounds 
per square footandthe aBsuIlled airplsxte altitude. 

L The effects of propeller operation at the power for level flight on 
the static longitudinal st&ilfty of the airplane were small (fig. 28). 
Compared to propellers-off stability a msximum decrease in pitchlng- 
moment-curve slope of 0.04 was indicated at a Mach number of 0.70. Only 
a small change was indicated in the stable vsriatfon of tail incfdence 
for trim with M%ch ntmiber between the conditions of propellers off and 
propellers operating at the power required for level fl&ght, At constant 
Mach number, the variation of tail incfdence for trfm with norm&l accel- 
eration was not greatly effected by the operation of the propellers at 
the power required for level fl5gh-t. 

Effects of Reynolds Huniber and Propeller Rlade Angle 

Lift-curve slopes, pitching ant-curve slopes,andlongitudinsl 
force coefficients for the -1 at a lift coefficient of 0.40, with 
snd#I~outo~~tfngpl-opellers,arepre~nted inffgure Dfor 
Reynolds numbers of l,OOO,OOO end 2,000,OOO at Mach nunibers of 0.70, 0.80, 
and 0.90. These slopes and coefficients are also presented for propeller 
blade angles of 41° and fTiLI at Mach numbers of 0.70 and 0.80. The 
effects of vary3ng Reynolds lllmiber and propeller blade angle on the lift- 
curve slopes and pitching-moment-curve slopes were negligible at Mach 
nlrmbers of 0.70 and 0.80, Appreciable Reynolds number effects were ev%- 
dent on these slopes at a mh number of 0.90. However, it is befieved 
that the datafor-thfsM.achntmiberwere sffectedbythe partial chokin@; 
previouslymentioned. 
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Longitudinal force coefficients were only slightly affected by 
changes of Reynolds number and of propeller.blade angle at a Mach num- 
ber of 0.70 and 0.80. At a Mach number of O.gO, increasing the Reynolds 
number from l,OC!0,000 to 2,000,OOO resulted in sizable decreases in 
longitudinal force coefficient. 

CONCLUSIONS 

An investigation has been made of the effects of operating propel- 
lers upon the longitudinal characteristics of 8 four-engine tractor 

airplane configuration employing a wing with &Jo of sweepback and an 
aspect ratio of 10. The Mach number range of the investigation was 0.60 
to 0.90. The following conclusions were indicated: 

1. The over-z&l effects of operating propellers on the longitu- 
dinal characteristics at high subsonic speeds were not large when com- 
pared to the effects of operating propellers at low speeds. The pro- 
pellers operating at constant thrust coefficients generally resulted in 
a reduction in the longitudinal stability. Increasing the propeller 
thrust coefficient while maintaining a constant Mach number increased 
both the longitudinal stability and the trimmed lift coefficient. 

2. Operation of the propellers at constant thrust coefficient 
increased the wing lift-curve slope but had little effect on the varia- 
tion of lift-curve slope with Mach ntrmber. 

3. Operation of the propellers had little effect on-the Mach num- 
ber for longitudinal force divergence at R constant lift coefficient 
but resulted in a decrease in the rate of change of longitudinal force 
coefficient with Mach number at supercritical speeds. This effect 
Increased with increasing propeller thrust coefficient and tith increas- 
ing lift coefficient. 

4, It was possible to predict the effects of propeller normal 
force on the longitudfnsl stability of the model with good accuracy. 
However, the propeller slIpstream effects on the wing snd horizontal 
tail could not be predicted with existing methods to any acceptable 
degree of accuracy. 

5. Raising the horizontal tail had little effect on the longitu- 
dinal stability with the propellers removed but was destabilizing with 
the propellers operating. 

6. For an assumed airplane, operating at the power requPred for 
level flight at an altitude of 40,000 feet, calculations indicate only 
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a smaU change in the stable variation of tail incidence for trim tith 
efther Mach n&r or normal acceleration compared to the propellers- 
off condition. 

Ames Aeronautic&l L,aboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif., Ott, 23, 1953 
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APPENDIX 

CALCmTION OF PROPEtLJZR NORMAL FORCE 

NACA RM A53323 

Isolation of propeller effects on the 1ongitxdinsJ. stability of 8n 
airplane requires either 8 knowledge of the normal-force characteristics 
of the propeller qr a suitable method of calctil8ting those characteris- 
tics. The method used herein for predicting propeller normal force is 
presented Fn this Appendix in addition to experiment& normal-force d8ta 
obt8ined with the mlibration nacelle reported in reference 5. 

Presented in figure 3!2 is propeller normal-force coefficient RS 
a function of upflow angle at 0.7 propeller radius for the 
NACA 1.167-(0)(03)-o% three-blade propeller used in this investigation. 
Shown in figure 33 for a represent8tive blade angle and Mach nmiber at 
an upflow 8ugle of 5O is a comparison of the experiments2 and theoretical 
variation of normal-force-curve slope with thrust coefficient. It l.tls,y 
be noted that the agreement between the theoretical 8nd experimental 
slopes is good, the theoretical values being approximately 95 percent 
of the experimental normal-force-curve slopes. 

The methodused in calculating propeller normal force, which w8s 
proposed by Messrs. Vernon L. Rogallo and John L. McCloud III of the 
Ames Aeronautic& Laboratory, is based on the relationship of the pro- 
peller normal force to the oscillsting torque-producing components of 
force on the blades as they operate in the nonuniform flow field. This 
c&n be expressed as follows: 

where 

CN 
4N normal-force coefficient, - 

cm2 

D propeller diameter, it 

J 8dv8nce ratio, 2 

cfl amplitude of lx P variation of torque-force coefficient 

N normsA force, measured perpendiculm.to thrust axis, lb 

X mdial locs.tFon of blade section, 5 

ii -- 



NACA RM A53J23 1-9 

X6 spinner radius, fksction of tip radius 

wfl phsse angle of 1x-P variation of torque force 

If it is assumed that there 8re no odd-order v8riations of toraue force 
above the 
following 

fund8ment8l, the product (cfl co8 mf,) c8n be found <y the 
relationship: 

where 

(Cfl cos w fdx = l/2 

R 8ngulRr position 8baUt the thrust exis, measured counterc~ockwfse 
from. the upper vertical position as seen from the front, deg 

. The torque force coefficient c8n be calculated by its rel8tionship to 
the thrust coefffcient, that is, 

s 
Cf = ct t&n (0, 71 

The formula for computing the thrust coefficient is the same 8s given 
in reference 14, except that $ is replaced by *A 8nd is 8s follows: 

Kscs x9 2L cot fP- t&n 7 2 
Ct&&O, 270° = 1C 

57-3 
cot 

where 

A 

ct 

K 

r 

R' 

upflow eagle, 8ngle of loc8l flow at 0.7 propeller mdius and at 
the horizontal center line of the propeller, measured with 
respect to the thrust axis in 8 plane par8llel to the pl8ne of 
symmetry, hg 

section thrust coefficient, th3xlB-t 
pn2D4 

Goldstein correction factor for finite number of bl8des 

radius to bl8de section, ft 

propellermdius, ft 
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ai 

Y 

cp 

'PO 

V' 

propeller inducedangle of fnflow, deg 

w-1 blade-section drag 
blade-section lift > 

‘& + ait w3 

t&n-= V' COB A 
mDX* V' sin 3 

loc5,l velocity, ft/sec 

andwhere both+ and - signs are indicated, the + is for Cl = 9o09 and 
the -1sfor Q=270°. 
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Reference sweep Une: Locus of the quarter-chord points of 
sections ticlIned &I0 to the plane of s-try 

Aspect ratio (full-span wing). ................ 10.0 
Taperratio ......................... 0.4 
Sweepback .......................... &Jo 
Tulst 
Referen~e*&%~ ini; Co.,df&~e.&p.l~~)' 

..... -50 

Root ............ RACA 0014, ~0.8 (modified) Cz,=O.4 

Tip ............ NACA 0011, m0.8 (modif%ed) Cz,=O.4 

Area(semiqanmdel) .................. 6.94-4PP 
Meanaerodynamic chord ................ ..1.25l ft 
Incidence (measured tithe plane of symmetrg) .......... 30 
Fences at y/b/2 = 0.33, 0.50, 0.70, and 0.85 

(See fig. l(d) for fence details.) 

Iacelle 8 

Frontal area(each). .................. 0.208 it2 
Inclinakion (measured with respect to wing root chord) 

Inboard ......................... -6.50 
Outboard ......................... -7.00 

Fropellers 

Diamter.........................1.167 f% 
BkmiberofbUdes.......~ ................ 3 
Propeller-sctivityfsc~r(perb~). ........... 188.4 
Propeller-blade thfclmesa-chord ratio (0.70 raditm). ..... 0.03 
Solidiw(perblaalt) .................... 0.0% 
Blade sectfons ............ .Symx&rTcaLNACA16 serfes 

Xorizontal Tail 

Reference sweep line: Locus of quarter-chord points of sections 
inclined ho to the plane of a-h-y 

Aspectratio (full--tail.) ................ k.5 
Taperratio.. ....................... 0.4 

Sweepback .......................... &I0 
Reference section (normal to reference sweep line) . . * IW!A 0010 
%illen&h,Zt ...................... 3.2% 
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TABLE I.- GEOMETRIC PROPERTIES OF TEE MODEL - Concluded 

Horizontal Tail (Continued) 

Area(semispanlrtodel). . . . . . . . . . . . . . . . . .1.387it2 
Meanaerodymmic chord . . . . . . . . . . . . . . . . . 0.833ft 
Tail volume, Q/c (s&J . . . . . . . . . . . . . . . . . . o. 65 
Tailheights (measuredverticallyfram the f'uselage 

center line to the hinge axis of the horizontal tail 
(see fig. l(a)) . . . . . . . . . . . . . . . . . . . 0, 0.10 b/2 

Fuselage 

Fineness ratio . . . . . . . . . . . . . . . . . . . . . . . 12.6 
l&m&al area (semispan model) . . . . . . . . . . . . . . 0.273 ft2 
Fuselage coordinatesr 

Distance from 
nose, in. 

0 
1.27 

g-2 
lo:16 
20.31 
30.47 
39.44 

i% 
70.00 
76.00 
82.00 

$:f 

106:oo 
l.26.00 

Radius, in. 

Lo4 
1.57 
2.35 
3.36 
4.44 
4.90 

;:: 

;:: 
4.96 
4.83 
4.61 
4.27 

$3 
0 



25 

Cable 

III 

Iv 

V 
VI 

VII 

VIII 
Ix 

X 

XI 

6 

7 

8 
9 

lo 

11 
12 
13 
14 

Tail 
aem* 

09 2 

02 2 
02 2 

tail off 

0.10 g 

0: 
tail off 

02 
2 

tail off 

%* Br R1 
&!g deg million 

-2 3 1 

-4% 1 

-651 1 
e- 

-4 

-4 
m- 

-4 
-m 

1 1 
2 

I 
2 
2 

2 

MI 
range 

0.70 to 0.90 

0.70 to o.go 

0.70 to o-go 
0.70 to 0.90 
0.70 to 0.90 

0.70 to o-go 
0.70 to o-go 
0.60 to 0.80 
0.60 to 0.80 



r 

(a) M = 0.70, 0.80, 0.83 

. . 



TARLE III."LOmmmmL BTICSOFAFOUR-mIBEI 'JRACMRAJK%UE comwRATIo~ EAm 
A KU43 WIII( b" OF f3WBEWX AND AN AEPE!TRATtO OF l0; '&IL RKCGFJ! - 0 b/2, it = -2', 
j3-~",R-1,CQ0,000 -Cowd.uded 



(a) M - 0.70, 0.80, 0.83 

r 
7-c 

I , 



. , 

TAELE IV.-UNGITUDRW,CHJBAC~IS~CS OFAFOUR-ENGINE 'IRACMRADPLANE CONFIQ~ON mm 
AWING WI!ITI b” OF SWEEFEWKARD ANASPECTRATIO OF 10; TAIL HEIGHT = 0 b/2, i.t = -4O, 

P 

fI = so, R = 1,000,000 - Concl.tid 
$ 

(b) M = 0.86, o.go z 

r 



T~V.-LO~I'ND~C~'ERIS~CSOFAFOUR-~IEIE !llFwmR !lIRmfm CoHFImnoN EfAvIw 8 AWlXWI7B hO"OF BEEPRAm AR-D AIJ ASPECTRATIO OF 10; TAIL KEIGBT = 0 b/2?, it = 60, 
p= !xlO,R =1,0OO,cm0 

(a) M - 0.70, 0.80, 0.83 

r 



, 

7s LOE&IPJDJD CEARAC~~CS OF A FOUR-EIJGW ‘JRACWR AlRPIAm CoRFlmoR HA- 
AND AR ASPECTRATIO OF 10; TAIL EIEIGHT - 0 b/2, it = -60, 

R 

r P w 

1 

I 

I 



(a) M = 0.70, 0.80, O&3 
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!llAEUZ VI.- LOIRXIUD~ CHARAC=STrCS OF A FOUFt-ENGINE! TRACIIDR 
AWIIOIZWIIYItiO OF 

JLIRPMW CONFIGTJF4A~ON HA= 
m AND AH ASPEZT RATIO OF 10; 'iNIL OFF, /3 - PO, R = 1,000,000 c 

CfJnclua?d 
(b) M - 0.86, 0.90 



TABJ.J3VII.-LCRWLUDIHALCEtARAC~ISTLCSOFAFOUR-mIm !lXA.CmRpilRpLAHE 
AWINGWITEkJOOF 

CoRFI~oRmm !g 
SWEEPBACK AliD ANASPECTRA'IIO OF 10; TAIL ITEIGET = 0 b/2, it = -k", 

fI - 51°, R = 2,CQO,OOO 
Y = 0.70, 0.80, 0.90 

I 
/ I 



, , , . 

tIXET.BmTT.-LOmI'RIDmCHARACTERISTICS OFAFOUR-ENGllE!lBACMORAlXPUEE CoEFIGuRllllOB EAm 
AURK+WIIB:"OF - AND AN ASPECT RATIO OF 10; 'J!KU OFF, B = 51°, R = 2,000,OOC E 

M = 0.70, 0.80, 0.90 
!n 

i 

r B 
W 

I 

W 
ul 



!cABLE IL- IJommnDm cw TICSOFANUR-E!IIGIBE!QtAC'POR- 
AWIEHI!Ef~OF WKFIGWOR EAVIRG 
B= 

~KAHDAH~TRA!EO~lO~ 'E41L~GHT=Ob/2,it~-IC"~ 
410, R - 24300,000 

. I 



. 



~XI.-~I~~(THARAC~~CSOFAFOUR-WFGIRETRACTOR - comGuRAmoN HA= 
AUIiGJIldO" OF S-WEWQCK AND AI? ASPET RATIO OF 10; TAIL REIGEIT = 0.10 b/2, It = "co, 
/3 = 'jl",R - 1,ooO,O00 

r 

M. = 0.70, 0.80, 0-W 

Ii /I, ” I I 



(a) Dimensions, 

Figure l.- Qeometry of the md.el. 
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(b) Wing twist and thichess-chord ratio. 

Figure l.- Continued. 
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(c) Nacelle details. 

Figure l.- continuea. 
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(a) Fence details. 

Figure I.- Concluded. 
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Figure 2.- Photograph of the model in the wind tunnel. 
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72 

64 

0 t i f 1 

0 ./ .2 .3 .4 .5 .6 .7’ .8 .9 AU 

Figure 3.- Plan-form and blade-form curves.fokmthe-N&A 1;167-(0)(03)-058 
propeller. 
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Advance rotlo I J 
(a) R = lx 108 

Figure k.- The variation of thrust coefficient with advance ratio for the NACA 1.167-(0)(03)-059 
propeU.er. A = O". 
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(b) R = 2 x 10' & 
Fig-m? 4.- conclud.ea. s 
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Figure 5.- Typical ~Wtiom of lift coefficient with thru0t coefficient for assumed Pull-scale 
pcwer conditions. altitude - 40,000 ft, qasmd = 0.65, W/S LI 75 lb/eq ft. 5 
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(a) M = 0.70 
I2 

Figure 6.- The effect of operating propellers on the longitudlna~. characteristics of the model. P 
Tail height P 0 b/2, it = -20, p = x0, R = 1 x LO'. k? 
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(b) M m 0.80 

~lgure 6.- contFrmea. 
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Longitu&wJ f&e coefficient, C;, 

(a) M = 0.86 

~lg~re 6.- continuea. 
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(e) M = 0.9 

Figure 6.- Concluded. 
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- Prapelhfs Operating 
*Fkyx/llers Off 

0 4 8 12 .08 .04 0 -.I2 

Figure 7.- Ihe effect of operating propellers on the longiWn&L characterietics of the model. 
!lWl. height = 0 b/2, it = -4O, p = B", R = 1 X 1Oe. 2: 
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pjgure 7.- Continued. 
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ltigure 7.- Continued. 
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(e) M = 0.90 

Figme 7.- Concluded. 
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(a) M = 0.70 8 

Pigun 8.- lbe eflect of operating propdkre on the longitudinal characbristics of the m&l. 
Tail height = 0 b/2, it = -60, j3 = so, R =1x10'. i! w 
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Figure 8.- contIm&. 
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Figure 8.- Continued. 
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Hewre 8. - continued. 
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(a) M = 0.70 

Figure 9.- The effect of c$erating pmpellere on the longitudinal cbaracteristlcs of' the model. 
!kLl off, p = 51°, R = 1X 10’. 
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Figure 9.- Conclu&ed. 
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Figure I.D.- !JJlle effect of operatw propellers on the 1ongitLlalnal chamct+zristics of the model. 
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Figure 15.- The effect of Mach number at constant lift coefficient on 
the lift-curve slopes of the model with and without operating pro- 
peLlers. p = 510, R = lx 106. 
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Figure 17.- The effect of Mach number at constant lift coefficient on 
the pitchin@;-moment-curve slopes of the model with and without oper- 
ating propellers. p = So, R = lx log. 



NACA RM A53523 

4 

.2 

./ 

n 
9 

-./ 
.7 .8 

Much number, M 

(b) 'I&FL off. 

Figure 17.- Concluded. 

- 



O- 
.oB .04 0 -.04 -08 42 -.08 .w 0 704 -.08 -.I2 

P&?&pmo~nt coeffkhwt, Cm 

8 

6 
* 

L 
4 /IQ+ \ \ 

I I I MI \ 

(a) M = 0.70 

Figure l8.- The various effects of operating propellers at constant thrust on the pitching- 
moment characteristics of the model. Tail height = 0 b/2, it = -4', /I = so, R = 1 x 10'. 



. 

I I 

$6 
. 

cqwps off 
----mm 

cmpmps off + A ‘mprop thrust 
_I-- C m/~ops off +Acmprop thrust +Acmprop 
-- -- Gn prcrps off + Ac~prop thrust + Ah Pw 

IO 

8 

0: 
.08 04 0 -.04 ~08 -./2 

normal force 

normal fwc8 +ACmprop slipstream ’ cmp,oOps an 

lo 

8 

6 

4 

2 

“.08 .04 0 -.04 -.08 -.I2 

Pit&ii-moment toe ftk~ent~ G 

(b) M = 0.80 

Figure 18.- Continued. 

. 



10 I I I I IO I I h\J. I I I 

8 

3 
O’S . 

I I 
I I I 

8 

6 

708 .04 0 -.04 -08 -./2 
d co8fflcl8n~, (in 

(c) M = O.gO 

Figure I&- Concluded. 

, 



, , 

c~prop* off 
c----- c mprops off 

+AC 
mprop thllst 

--m 
tin props off 

+AC mprop thrust *A%rop normal force 
-I”- C 

mprops off 
+AC 

mprop thrust + Acmp,p normal force + “I plop slipstream =c mprops on 

IO 

8 

Y Tail on 

.w 0 
I 

7iH off 1 
I 

-.04 -.08 

Taf? on 

w e-12 
.08 -04 7 

Phkbhg -moment 

.08 
-.04 -.08 

coef t’iclnt, Cm 

(a) 2300 hp per engine. 

.04 ? -04 -.08 

Figure lg.- The various effects of operating propellers at constant simulated horsepower on the 
pitching-moment characteristics of the model. Tail height = 0 b/2, it = -4’) p = Tl”, 
R = 1 x 10’. 



%I prqps off 
x3 

--e-s Gn pqw off + A$-mp t!imst 
m-3 Gn prw off +AC qwop fhst +Acmp,op normal force 
---- C mpvops off $AC mprsp Hbrust +Acmpop no17~f force +A’, prop dipstmwn = ~pmp.9 on 

v.08 .tM -.04 I .08 .04 704 708 
I .08 .04 0 .08 .04 0 -.04 -08 I 

P/tchktg - momeit coeffkienf, Cm P/tchktg - momeit coeffkienf, Cm 

-8 . 
P ti 

b’ .6 5 

1I 
6 .4 
0 

8 .2 
?a/ on mi off Tail on roll off Tai/ on TM off 

(b) 5ooo hp per engine. 

Figure lg.- concluae~. 

, I 



. , . 

I : -.02 

I I i I I I I I I I 

I 4 
0 I 2 3 4 5 6 7 8 9 10 

Angle of attack, ca, dsg 

mm 20.- Comparison of the Pleasured and prdictea effects of propeller normd. force on lncre- 
men-b of pitching moment and the measured ef'fects of propeller thrust and sllpetream on lncre- 
ment of pitching moment. M = 0.80, Tc = 0.04, tail height = 0 b/P, it = -4', p = so, 
R = lx 10'. 

ul w 



94 NACA RM A53523 

Tofu/ change in sfuMify pufumefef due fo pops 
- - - - - -- - SfuMiYy incfemenf due fo prop. fhfusf 

. 

. 
- - - - - Sfu6hYfy hcfemenf due to plop. nufmd force 

- - - - - - Sfuhlify hcfemenf due io pmp. s@sffeum on wing 
- -- - - SfuMify hcfemenf due to pfop. shpstfeum on fuii 

JO 

0 

-JO 
. 7 .8 .9 

JO 

J%7 0 

0 Tq- 

-JO 
.7 -8 -9 

I I I I 

.8 .9 

Much number, M 

Figure 2l.- The variation with Mach number of the various effects of 
operating propellers on increment of pitching-moment-curve slope. 
CL = 0.40, tailmheight = 0 b/2, it = -4O, B = %', R 4 1 x 10e. 
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Figure 22.- The effect of operating propellers on the vsziation of down- 
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R = 1 x 106. 
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Figure 24.- The effect of operating propellers on the variation with 
angle of attack of the ratio of isolated horizontal tail lift-curve 
slope to tail-off lift-curve slope. j3 = so, R = lx 106. 
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Figuze 25.- The effect of Mach number on the lift-curve slope of the 
isolated horizontal tail. at = k", R = 2 X 108. 
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Figure 26.- The effect of Mach nmiber on the effectiveness of the hori- 
zontal tail. with and without operating propellers, a = 40, tail 
height F 0 b/2, $ = PO, R = 1 x 10'. 
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Figure a.- !he variation of the 1ongitudFaal chmacterist~cs af the model with thrust coeffi- 
cient for two propeller blade anglee and RcynoLds numbers with and without operating Pro- 
pellers. CL = 0.40, tail height = 0 b/P, it = -4'. 
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